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(54) LIGHT EMITTING DIODE DRIVING CIRCUIT WITH STABLE DRIVING CURRENT

(57)  An LED driving circuit (100) includes a charg-
ing-discharging circuit (120) and a constant-current unit
(130). The charging-discharging circuit (120) is coupled
to an AC current source (140), and includes an imped-
ance (RL1), a diode (DS1) and an energy storing circuit
(CE1). The energy storing circuit (CE1) is coupled to the
impedance (RL1), the diode (DS1), and an LED unit
(110). The constant-current unit is coupled to the charg-
ing-discharging circuit (120) in series, and is arranged to
regulate current. During the positive half cycle of the AC
current source (140), the constant-current unit (130)
charges the energy storing circuit (120) via the imped-
ance (RL1); and during the negative half cycle of the AC
current source (140), the energy storing circuit (CE1) pro-
vides the LED unit (110) with a discharging current via
the diode (DS1), making the driving current of the LED
driving circuit (100) remain stable even when the AC cur-
rent changes from the positive half cycle to the negative
half cycle, thus preventing the flicker effect.
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Description
Field of the Invention

[0001] The presentinvention relates to a driving circuit,
and more particularly, to a light emitting diode (LED) driv-
ing circuit with reduced flicker effect.

Background of the Invention

[0002] Environmental awareness has increased in re-
cent years, leading to many policies aimed at environ-
mental protection. Many countries have begun to actively
promote energy conservation, carbon reduction, and en-
vironmental policies such as reducing power consump-
tion of lamps by developing power-saving lighting devic-
es. Light emitting diode (LED) devices are very popular
due to their energy-saving, long service life and high du-
rability. Hence, LED lighting devices have been applied
to a large variety of applications and are gradually re-
placing traditional lamps.

[0003] A typical household power supply provides al-
ternating current (AC). Since AC current can be consid-
ered as sinusoidal waves, the provided power may sud-
denly drop during the negative half cycle of a sinusoidal
wave (i.e. when the sinusoidal wave declines), giving a
current which is not large enough to drive LEDs. As a
result, a flicker effect will occur on the emitted light. Re-
cent studies indicate that this flicker effect may negatively
affect human bodies causing headaches, fatigue, and
vision loss, even when it cannot be observed by the na-
ked eye.

[0004] Therefore, how to improve LED driving circuits
is an important issue in the field.

Summary of the Invention

[0005] This in mind, the application aims at providing
an LED driving circuit for driving at least one LED unit in
order to solve the problems mentioned above.

[0006] This is achieved by an LED driving circuit ac-
cording to claim 1. The dependent claims pertain to cor-
responding further developments and improvements.
[0007] As will be seen more clearly from the detailed
description following below, the claimed LED driving cir-
cuit is arranged for at least driving a first LED unit. The
first LED unit includes a first node and a second node.
The first LED unit includes at least one LED. The LED
driving circuitincludes afirst charging-discharging circuit,
at least one first constant-current unit and a second con-
stant-current unit. The first charging-discharging circuit
is coupled to an AC current source and includes a first
impedance, a first diode and a first energy storing circuit.
The first impedance includes a first node and a second
node. The first diode includes a first node and a second
node, wherein the first node of the first diode is coupled
to the first node of the first impedance, and the second
node of the first diode is coupled to the second node of
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the first impedance. The first energy storing circuit in-
cludes a first node and a second node. The first node of
the first energy storing circuit is coupled to the second
node of the first impedance and the second node of the
first diode. The second node of the first energy storing
circuitis coupled to the second node of the first LED unit.
The first constant-current unit is coupled to the first node
of the first charging-discharging circuit for regulating cur-
rent. The first node of the first LED unit is coupled to the
first constant-current unit. During the positive half cycle
of the AC current source, the first constant-current unit
charges the first energy storing circuit via the firstimped-
ance; and during the negative half cycle of the AC current
source, the first energy storing circuit provides the first
LED unit with a discharging current via the first diode.
The second constant-current unit is coupled in series to
the first LED unit and is arranged to regulate current,
wherein the combination of the serially-coupled second
constant-current unit and first LED unit is coupled to the
first charging-discharging circuit in parallel.

Brief Description of the Drawings

[0008] In the following, the invention is further illustrat-
ed by way of example, taking reference to the accompa-
nying drawings. Thereof:

Fig. 1 is a diagram illustrating an LED driving circuit
according to a firstembodiment of the present inven-
tion;

Fig. 2 is a diagram illustrating an LED driving circuit
according to a second embodiment of the present
invention; and

Fig. 3 is a diagram illustrating an LED driving circuit
according to a third embodiment of the present in-
vention.

Detailed Description

[0009] Refer to Fig. 1, which is a diagram illustrating
an LED driving circuit 100 according to a firstembodiment
of the present invention. The LED driving circuit 100 is a
first-order circuit, and arranged to at least drive an LED
unit 110. The LED unit 110 comprises a first node 110a
and a second node 110b, wherein the LED unit 110 may
comprise one or more LEDs. The LED driving circuit 100
comprises a charging-discharging circuit 120, an imped-
ance RS1 and constant-current units 130 and 150. The
charging-discharging circuit 120 is coupled to an AC cur-
rent source 140, and comprises an impedance RL1, a
diode DS1 and an energy storing circuit CE1. Each of
the impedances RL1 and RS1 can be a resistor, and the
energy storing circuit CE1 can be a capacitive element
(e.g. a capacitor). The present invention is not limited
thereto, however. The impedance RL1 comprises a first
node RL1 a and a second node RL1 b. The diode DS1
comprises a first node DS1 a and a second node DS1 b.
The first node DS1 a of the first diode DS1 is coupled to
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the first node RL1a of the impedance RL1, and the sec-
ond node DS1b of the diode DS1 is coupled to the second
node RL1 b of the impedance RL1. The energy storing
circuit CE1 comprises a first node CE1 a and a second
node CE1 b. The first node CE1a of the energy storing
circuit CE1 is coupled to the second node RL1 b of the
impedance RL1 and the second node DS1 b of the diode
DS1. The second node CE1 b of the energy storing circuit
CE1 is coupled to the second node 110b of the LED unit
110. The constant-current unit 130 is coupled to the
charging-discharging circuit 120 in series and is arranged
for regulating current. In Fig. 1, the constant-current unit
130 is coupled to the top two nodes of the charging-dis-
charging circuit 120, but the present invention is not lim-
ited thereto. The first node 110a of the LED unit 110 is
coupled to the constant-current unit 150. During the pos-
itive half cycle of the AC current source 140 (e.g. the
positive half cycle of a sinusoidal wave), the constant-
current unit 130 charges the energy storing circuit CE1
viathe impedance RL1. Forexample, when the constant-
current unit 130 provides the LED unit 110 with a driving
current, the energy storing circuit CE1 will also be
charged via the impedance RL1. In addition, during the
negative half cycle of the AC current source 140, the
energy storing circuit CE1 provides the LED unit 110 with
a discharging current via the diode DS1. For example,
during a low power state of the AC current source (e.g.
the negative half cycle), the constant-current unit 130 will
stop providing the driving current to the LED unit 110. At
the same time, the diode DS1 will be turned on, making
the energy storing circuit CE1 provide the LED unit 110
with the discharging current via the diode DS1. In this
way, the current provided to the LED unit 110 will remain
stable without a sudden rise or drop, even when the AC
current is changed from the positive half cycle to the neg-
ative halfcycle. Hence, the presentinvention may greatly
reduce the flicker effect of the related art techniques.
[0010] Theimpedance RS1 is coupled to the charging-
discharging circuit 120 in parallel, wherein the first node
RS1 a of the impedance RS1 is coupled to the first node
DS1 a of the diode DS1 and the first node RL1a of the
impedance RL1 a. The second node RS1 b of the im-
pedance RS1 is coupled to the second node CE1 b of
the energy storing circuit CE1. When the AC current
source 140 is shutdown, the impedance RS1 is arranged
to provide a path for leaking the remaining electric charg-
es to the energy storing circuit CE1. For example, the
energy storing circuit CE1 may release the remaining
electric charges to ground via the impedance RS1.
[0011] The constant-current unit 150 is coupled to the
LED unit 110 in series, and is arranged to regulate cur-
rent, wherein the serially-coupled constant-current unit
150 and LED unit 110 are coupled to the charging-dis-
charging circuit 120 in parallel. In other words, the unit
comprising the constant-current unit 150 and the LED
unit 110 is coupled to the charging-discharging circuit
120 in parallel. When the constant-current unit 150 is
coupled to a capacitive element (e.g. the energy storing
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circuit CE1), the constant-current unit 150 may be used
to match the resistance value on the current path to fine
tune the discharging current of the capacitive element,
in order to make the discharging current value of the ca-
pacitive element meet the requirements.

[0012] Each of the constant-current units 130 and 150
may comprise three pins "OUT, GND, and REXT" (de-
noted by "O, G, and R" in FigS. 1, 2 and 3), wherein the
pin "O" is a node for the power input and/or constant-
current output, the pin "G" is a node coupled to ground,
and the pin "R" is a node for setting the value of the output
current. The above functions of pins are merely for illus-
trative purposes, and are not meant to be limitations of
the present invention. In practice, the actual functions of
the pins may change based on the circuit design. Further,
the pin "R" of each of the constant-current unit 130 and
150 is coupled to a resistor which is used to set current
values to provide a referential constant current, in order
to make the LED driving circuit 100 operate normally.
[0013] The interactions between the LED unit 110, the
charging-discharging circuit 120, and the constant-cur-
rent units 130 and 150 are illustrated in the following ex-
ample. When the operating voltage is normal (e.g. a level
capable of turning on the driving constant-current unit
130), the constant-current units 130 and 150 will be en-
abled together. When the operating voltage is too low
(e.g. a level incapable of turning on the driving constant-
current unit 130), the constant-current unit 130 will not
be enabled, and the energy storing circuit CE1 will dis-
charge at this time. As a result, the constant-current unit
150 will still be normally enabled due to the discharging
current from the energy storing circuit CE1, and therefore
the flicker effect can be prevented/mitigated.

[0014] Fig. 2 is a diagram illustrating an LED driving
circuit 200 according to a second embodiment of the
present invention. In this embodiment, the LED driving
circuit 200 is a second-order circuit, and is arranged to
drive the LED unit 110. The LED driving circuit 200 com-
prises the blocks 201, 202, 230 and 260. The elements
in the blocks 201 and 202 (e.g. the charging-discharging
circuit 120, impedance RS1 and LED unit 110) have been
described in the previous embodiment, and are omitted
here for brevity.

[0015] As shown in Fig. 2, the block 230 comprises a
plurality of parallel-coupled constant-current units 230-1,
230-2, ..., 230-n, which are arranged to provide a con-
stant current for the first-order circuit (i.e. the block 201)
and the second-order circuit (i.e. the block 202), wherein
the configuration of the parallel-coupled constant-current
units can make the LED driving circuit 200 endure the
power source having larger power. The number of the
constant-current units can be changed according to the
design requirements. In this embodiment, each of the
upper ends and lower ends of the first-order circuit (i.e.
the block 202) is serially-coupled to at least one constant-
current unit (e.g. at least one constant-current unit in the
block 230 and at least one constant-current unit in the
block 260), in order to limit the amount of current. The
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upper nodes of the second-order circuit are coupled to
at least one constant-current unit in series. In addition,
the LED unit 110 in each of the first-order block 201 and
the second-order block 202 is coupled to a corresponding
energy storing circuit CE1 in parallel. Some operations
of the LED driving circuit 200 similar to those of the LED
driving circuit 100 are omitted here for brevity. Further,
the configuration of the block 260 depicted in Fig. 2 is for
illustrative purposes rather than a limitation of the present
invention, and can be modified according to the design
requirements.

[0016] The operations of the constant-current units
230-1, 230-2, ..., 230-nin the block 230 in Fig. 2 are sim-
ilar to the operations of the constant-current unit 130.
Detailed descriptions thereof are omitted here. Moreo-
ver, in this embodiment, the pin "R" in each of the con-
stant-current units 230-1, 230-2, ..., 230-n is coupled to
two parallel-coupled impedances. Compared with the
configuration of merely coupling tooneimpedance in par-
allel, the configuration of coupling to multiple impedances
in parallel as shown in this embodiment may further re-
duce the loadings of constant-current units, and raise the
overall operating efficiency of the LED driving circuit 200.
[0017] Fig. 3 is a diagram illustrating an LED driving
circuit 300 according to a third embodiment of the present
invention. The LED driving circuit 300 is a first-order cir-
cuit, and comprises a plurality of constant-current units
330-1 - 330-n which are coupled to the charging-dis-
charging circuit 120 in parallel, wherein the constant-cur-
rent units 330-1 - 330-n are coupled in parallel to one
another. In this embodiment, the set of parallel-coupled
constant-current units (i.e. the constant-current units
330-1 - 330-n) is coupled to the LED unit 110 in series.
The circuitry comprised/composed of the constant-cur-
rent units 330-1 - 330-n and the LED unit 110 is coupled
in parallel to the charging-discharging circuit 120 for per-
forming matching operations upon the resistances of the
current paths, in order to make the energy storing circuit
CE1 have properly tuned charging and discharging cur-
rents. Compared with the first embodiment, a constant-
current unit for coupling to the charging-discharging cir-
cuit 120, such as the constant-current unit 130 in Fig. 1,
is removed/omitted in this embodiment.

[0018] Under the configuration in this embodiment, the
constant-current units 330-1 - 330-n will not be disabled
due to an insufficient operating voltage. Hence, the con-
stant-current units 330-1 - 330-n remain turned on re-
gardless of whether the LED driving circuit 300 is in a
charging state or a discharging state. The configuration
of the coupling of two parallel-coupled resistors in each
constant-current unit of the constant-current units 330-1
- 330-nis for raising the accuracy of the provided current.
The multiple parallel-coupled constant-current units
330-1 - 330-n can provide a maximum constant-current
value, and the number of the parallel-coupled constant-
current units can be increased or decreased according
to the design requirements. For example, if the supplied
current amount is determined to be insufficient, an addi-
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tional constant-current unit can be added in parallel to
meet the demand.

[0019] In this embodiment, the pin "R" in each of the
constant-current units 330-1 - 330-n is coupled to two
parallel-coupled impedances. Compared with the config-
uration of merely coupling to one impedance in parallel,
the configuration of coupling to multiple impedances in
parallel may further reduce the loadings of constant-cur-
rent units, and raise the overall operating efficiency of
the LED driving circuit 300.

[0020] To summarize, by utilizing the architectures
provided in the embodiments of the present invention,
the driving current of the LED driving circuit is stable even
when the AC current is changed from the positive half
cycle to the negative half cycle. The present invention
may greatly reduce the flicker problem that occurs in the
related arts, thus providing a better user experience.

Claims

1. Alight emitting diode, hereinafter LED, driving circuit
(100) for at least driving a first LED unit (110), the
first LED unit (110) comprising a first node and a
second node, the first LED unit (110) comprising at
least one LED, the LED driving circuit (100) charac-
terized by:

a first charging-discharging circuit (120) which
is coupled to an alternating-current, hereinafter
AC, current source (140), wherein the first
charging-discharging circuit (120) comprising;
a firstimpedance (RL1), comprising a first node
and a second node;

a first diode (DS1), comprising a first node and
a second node, wherein the first node of the first
diode (DS1) is coupled to the first node of the
first impedance (RL1) and the second node of
the first diode (DS1) is coupled to the second
node of the first impedance (RL1); and

a first energy storing circuit (CE1), comprising a
first node and a second node, wherein the first
node of the first energy storing circuit (CE1) is
coupled to the second node of the first imped-
ance (RL1) and the second node of the first di-
ode (DS1), and the second node of the first en-
ergy storing circuit (CE1) is coupled to the sec-
ond node of the first LED unit (110); and

at least one first constant-current unit (130), se-
rially-coupled to a first end of the first charging-
discharging circuit (120), wherein the first con-
stant-current unit (130) is arranged to regulate
current, and the first node of the first LED unit
(110) is coupled to the first constant-current unit
(130);

wherein during a positive half cycle of the AC
current source (140), the first constant-current
unit (130) charges the first energy storing circuit
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(CE1) via the firstimpedance (RL1); and during
a negative half cycle of the AC current source
(140), the first energy storing circuit (CE1) pro-
vides discharging current to the first LED unit
(110) via the first diode (DS1).

2. The LED driving circuit (100) of claim 1, character-

ized in that the LED driving circuit (100) further com-
prises:

a second impedance, comprising a first node
and a second node, wherein the first node of the
second impedance is coupled to the first node
of the first impedance (RL1), the second node
of the second impedance is coupled to the sec-
ond node of the first energy storing circuit (CE1),
and the second impedance is arranged to pro-
vide the first energy storing circuit (CE1) with a
path for releasing remaining electric charges af-
ter the AC current source (140) is shut down.

3. The LED driving circuit (100) of claim 1, character-

ized in that the LED driving circuit (100) further com-
prises:

a second constant-current unit, coupled to the
first LED unit (110) in series, wherein the second
constant-currentunitis arranged to regulate cur-
rent, and a combination of the serially-coupled
second constant-current unit and first LED unit
is coupled to the first charging-discharging cir-
cuit (120) in parallel.

4. The LED driving circuit (100) of claim 3, character-

ized in that the LED driving circuit (100) further com-
prises:

a second charging-discharging circuit, compris-
ing a first node and a second node, wherein the
first node of the second charging-discharging
circuitis coupled to the first constant-current unit
(130); and

a third constant-current unit, coupled to the sec-
ond node of the second charging-discharging
circuit.

The LED driving circuit (100) of claim 4, character-
ized in that the second charging-discharging circuit
comprises;

a second impedance, comprising a first node and a
second node;

asecond diode, comprising a firstnode and a second
node, wherein the first node of the second diode is
coupled to the first node of the second impedance,
and the second node of the second diode is coupled
to the second node of the second impedance; and
a second energy storing circuit, comprises a first
node and a second node, wherein the first node of
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10.

the second energy storing circuit is coupled to the
second node of the second impedance and the sec-
ond node of the second diode.

The LED driving circuit (100) of claim 5, character-
ized in thatthe LED driving circuit (100) further com-
prises:

a third impedance, comprising a first node and
a second node, wherein the first node of the third
impedance is coupled to the first node of the
second impedance, the second node of the third
impedance is coupled to the second node of the
second energy storing circuit, and the third im-
pedance is arranged to provide the second en-
ergy storing circuit with a path for releasing re-
maining electric charges after the AC current
source (140) is shut down.

The LED driving circuit (100) of claim 5, character-
ized in that the second charging-discharging circuit
is coupled to a second LED unit in parallel, the sec-
ond LED unit comprising at least one LED.

The LED driving circuit (100) of claim 4, character-
ized in that the first charging-discharging circuit
(120) is a second-order circuit, and the second
charging-discharging circuit is a first-order circuit.

The LED driving circuit (100) of claim 1, character-
ized in thatthe LED driving circuit (100) further com-
prises:

a plurality of second constant-current units cou-
pled to the first charging-discharging circuit
(120) in parallel, wherein the plurality of second
constant-current units are coupled in parallel to
one another.

The LED driving circuit (100) of claim 1, character-
ized in that each first constant-current unit (130) of
the first constant-current unit (130) comprises at
least one impedance arranged to set current values.
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